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Oil Bodies of the Jungermanniece. 	 123

It may further be remarked, that although Laminaria
saccharina seems incapable of resisting for a prolonged period
exposure to the air, Laminaria digitata does not appear to be
affected in a similar manner, as we have recently seen it
growing in places exposed at every ebb-tide, near Lamlash, in
the island of Arran. Probably the greater succulency of the
tissues of the latter plant, as compared with the former, may
account for this curious physiological difference. A similar
disappearance of Laminaria was noted in the lake of Stennis,
Orkney, by the late Hugh Miller.

Observations on the Oil Bodies of the Jungermanniea3. By
JOHN RATTRAP, M.A., B.Sc., Marine Station, Granton,
Edinburgh. 

(Read 13th March 1884.)

Gottsche (in his "Researches on Haplomitrium Hookeri, 1843,")
first called attention to the remarkable structures now being con-
sidered, naming them "cell bodies" (Zellen Korper), in 1857 Holle
changed the name to " cell vesicles," and in 1874 Pfeffer desig-
nated them "oil bodies," chiefly on account of their fatty nature.
Similar bodies were noted by Mirbel in 1835 in the Marchantiew.

The main results at which Pfeffer has arrived may be stated as
follows :-

1. Oil bodies may be classified under two heads, according to
the appearance they present—(1) non-emulsiform, or homogeneous
oil-like oil bodies, which may be simple or compound, the latter
being made up of a limited number of component parts, as in
Nardia scalaris, Blepharostoma trichophylla, Kantia trichomanis,
or of more numerous, but more minute portions, as in Lophoeolea
bidentata, Trichocolea tomentella, and others, membrane-like walls,
either straight or curvilinear, existing between these components ;
(2) emulsion-like or heterogeneous oil bodies, in which rounded
oily droplets, it may be of different sizes, are embedded in a
medium of different refractive index, as in Radula complanata,
Frullania tamarisci, &c.

2. The largest non-emulsion oil bodies occur in Nardia scalaris.
Their form is cylindrical, and their greatest diameter = 0.02 mm.,
only a small number (3 to 6) occurring in one cell. The largest
emulsiform oil bodies are found in Radula complanata, their form
being ovoid and their greatest diameter = 0.02 mm , and they appear
either singly in the cells, or several of different sizes in one cell.

It may be added that some of the oil bodies of Aneura multifida

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
A

lb
er

ta
] 

at
 1

6:
25

 1
5 

O
ct

ob
er

 2
01

4 



124	 Mr John Rattray on the

and Frullania tamarisci approximate those of Radula in size. In
consistence the oil bodies are semifluid, changing their form under
slight pressure, and resuming their original outline when the pressure
is removed ; when broken, round droplets of fatty oil escape.

3. The localities where oil bodies are found in these plants are
various, such as in (1) foliage leaves ; (2) coats of the reproductive
organs, i.e., of the antheridia and archegonia, as in Radula com-
planata, Mastigobryum trilobatum,	 ; (3) stein—the oil bodies in
the stem cells being smaller than those in the leaf cells, and at the
same time larger and more numerous in the peripheric than in the
central stem cells, as in Trichocolea tomentella ; (4) root hairs, as in
Lophocolea bidentata ; (5) walls of antheridia and archegonia, as in
Blepharostoma trichophylla ; (6) sporogonium stalk, as in Blepharos-
toma trichophylla and Nardia scalaris.

4. According to Pfeffer, oil bodies are absent in Jungermannia
bicuspidata, Pellia epiphylla, Metzgeria furcata, and, according to

ottsche, in Jungermannia setacea, J. connivens, and J. divaricata.
5. Four views have been held regarding the composition of the

oil bodies :-
(1) Gottsche * believed them to be resinous or waxy, and Hof-

',mister t also thought them resinous.
(2) Holle 1: maintained that they were a mixture of oil and resin.
(3) Schacht said they were composed of inulin. It may here

be noted, that treatment with alcohol produces angular crystals
in the cells of Hepatica;, which dissolve on addition of water.
These crystals are distinct from the oil bodies.

(4) Pfeffer regards them as chiefly composed of fatty oil, although
traces of wax, resin, gum or ethereal oil may be present, as well as
very minute quantities of water and albuminous or proteinaceous
substances. These results rest on the following considerations :—

(a) Dilute alcohol, spirits of wine, benzole, turpentine, ether, and
carbon bisulphide cause the droplets to fuse, a fine limiting mem-
brane alone persisting and retaining approximately the size and form
of the original oil body. A second membrane may be seen in
Nardia scalaris, &c., after the action of absolute alcohol.

(b) Boiling with weak potash for a quarter of an hour does not cause
the drops to vanish, and stronger solutions only act with difficulty.

(c) Wax or resin is solid at the ordinary temperature, but the oil
bodies are semifluid, and yet traces of wax or resin may be present
dissolved in the fatty oiL

(d) Ethereal oils are not present in large quantity, inasmuch as boil-
ing in water would remove them, and the oil bodies would change

* Loc. cit., p. 289. i Pflanzenzellen, p. 396. 1: Loc. cit., p. 18.
§ Leh,rbuch der Anatomic u. Phystologie, 1856, 1 Thiel, p. 60.
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Oil Bodies of the Jumgermanniece. 	 125

greatly in appearance, yet after such treatment they are found to
persist in the liquid state.

(e) The oil bodies are not a balsam, because on removal of the
ethereal oil a solid resin would remain which is not found.

(f) Pfeffer has extracted fatty oil from Mastigobryum trilobatum.
(y) Treatment with sugar solution or glycerine causes the volume

to lessen and the outline to become wavy. By again adding water
these changes are reversed, e.g., in Nardia scalaris.

(h) The membranes left behind after solution of the fat are
albuminous, being insoluble in dilute alkalis, acids, and in boiling
water. The oil body too is not entirely made up of pure oil, inas-
much as a small amount of insoluble residue remains after the
action of alcohol containing corrosive sublimate, an insoluble
Hg-compound being formed. Similarly the divisional walls in
compound oil bodies also contain proteinaceous matter.

The slight divergences to be seen on treatment of different oil bodies
with the same reagent are due either to a variability in the quantity
of albumen present, or to a difference in the nature of the fat.

The form of the oily droplets occurring inside such oil bodies as
those of Radula is rounded, but the oil bodies as a whole may be
ellipsoid or oval, their form being due primarily to the shape of the cell
lumen in which they appear, and secondarily to the proteinaceous
envelope that invests them, this envelope being of sufficient resistance
to retain the original form of the oil body, even after the droplets have
been removed by ether or other reagents ; adhesion to the plastic
protoplasm of the cell also tends to modify their general outline.,

Again potassium-phosphate is a solvent for albuminous substances,
and according as it is present in greater or less amount, the oil bodies
are more or less speedily acted on by other reagents.

(i) The result of the action of potash on Mastigobryum or
Nardia indicates the fact that these oil bodies are not composed of
pure fat. This reagent produces vacuolation and dimness in the
oil drops, a result attributable to the swelling and solution of foreign
constituents present in the oil bodies.

(k) If specimens be dried, the oil bodies diminish in size, if again
moistened they resume their original magnitude. Herbarium speci-
mens may be kept for several years (7-10), and still show traces
of these oil bodies ; after a time they are absorbed by cell wall and
cell contents, their long preservation proving their small volatility.

6. No trace of tannic acid is to be detected in the oil bodies of
Radula or Nardia.

7. They are not doubly refractive.
In Marchantie* the following leading points are to be noted :—

* Pfeffer, loc.
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12 6	 Mr John Rattray on the

1. Oil bodies occur in isolated cells of the thallus and in cells of the
gemnue, They are emulsiform in character, and their colour is brown
in Marchantia polymorpha or brownish-red in Lunularia vulgaris.

2. The reactions shown are generally similar to those found in
Radula campanula, although dilute potash acts differently on the
oil bodies of Marchantia and on those of Lunularia; in the former
the droplets fuse slowly, in the latter the oil bodies suddenly
disappear, unless the very dilute potash be slowly drawn under the
cover glass, an oil droplet inside a limiting membrane being then
formed. In this latter case the fat is in a finely divided state,
and easily saponified.

3. Tannic acid occurs in the oil, bodies of Fegatella, Lunularia,
and Marchantia in small quantities ; it appears in oil bodies just
formed no less than in older oil bodies, and proteinaceous sub-
stances are also present in minute traces. As regards the tannic
acid, ferrous sulphate, with slight pressure, causes a deep "black-
blue " colour, which disappears after application of hydrochloric acid.

Potassium bichromate, again, does not alter the reddish-brown
colour of the oil bodies, but instead of being, as previously, soluble
in alcohol, they become insoluble, a similar reaction being found in
the case of the tannic acid drops in the joints of Mimosa pudica.*

With reference to the development of oil bodies, it is to be noted-
1. That the oily droplets appear in the cell sap, though they may

lean against protoplasmic strings.
2. That emulsiform or non-emulsiform bodies are formed accord-

ing to the amount of fusion that is effected between these droplets ;
in the latter fusion is most complete.

3. That the oil droplets appear either after cell divisions are
completed, and the chlorophyll bodies are formed, as in Nardia
scalaris, ar while the cells are dividing, and prior to the complete
formation of chlorophyll, as in Mastigobryum tribololum.

In the ease of Radula complanata, a dim mass of droplets occupy
the entire lumen of young cells, a membrane forms around this ; as
the cell grows this dim oil body, not increasing in size, is surrounded
by a clear area ; but in basal cells of adult leaves, I have repeatedly
observed emulsiform oil bodies filling the cell lumen entirely, and
in such cells the chlorophyll bodies had the same shade of colour as
in other adjoining cells less oleiferous. These solitary oil bodies
may have resulted from fusion of several smaller ones by mutual
pressure, although no traces of the faint membrane surrounding
each constituent body could be detected. Moreover, if two or more
oil bodies be present in a cell, they are to be found in the youngest
stages ; that is, oil bodies once formed do not divide. In Nardia

* Pfeffer, Physiolg. Untersuchungen, 1873, p. 12 ff.
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Oil Bodies of the Junger'inanniece. 127

scalaris, Plagiochila asplenioides, Mastigobryunt trilobatum, and
Radula complanata, the oil-like droplets, according to Pfeffer,
appear first at the leaf apex, and are formed later towards the leaf
base, but after dissecting numerous apical buds of Radula with
needles in water, I have failed to observe any such sharp distinction
between the apical and basal regions of the leaf as has thus been
indicated ; on the other hand, the dimness which ultimately results in
an oil body seems of fairly uniform intensity in both these localities.

In addition to the above, the following points are noteworthy :-
1. The oil bodies of Radula complanata often exhibit very

active movements in their interior, somewhat like those in salivary
corpuscles, as was first pointed out by Dr Archibald Dickson,
Edinburgh.

2. Very dilute acetic acid when applied accelerates this move-
ment. Turpentine and benzole, a short time after application,
increase the rapidity of the movements, but prolonged exposure to
these reagents results in fusion of the oil droplets,

3. The colour of the non-emulsiform compound oil bodies of
Kantia trichomanis is of a beautiful azure-blue shade, and this causes
the leaves to assume a delicate bluish-green tint, which becomes
more marked if specimens are mounted for some time in very
dilute acetic acid.

Regarding the physiological significance of these oil bodies, the
results arrived at by Pfeffer may be stated as under :-

1. They are not assimilation products, because they occur in
cells that never contained chlorophyll, e.g„ in hairs or young leaves
before the formation of chlorophyll, as in illastigobryunt trilobatum ;
and again, since the oil droplets appear in cells at the tips of the
leaves before developing in basal leaf cells, the fatty matter cannot
wander from the stalk to the leaves,

2. The material out of which the oil bodies are formed, may
be glucose or some allied substance, although no reduction of
cupric oxide, except faintly in Lepidozea reptans, is seen, there
being no storing of glucose ; that is, it becomes transformed into
oil as rapidly as it is formed. Similarly starch becomes oil in the
seeds of Paony.* Fat may be present in a fine state of division
in the protoplasm, yet the oily droplets occur only in the cell sap.

3. The oil bodies of Hepatic once formed, behave as
" excretory" matter, having no latent assimilative value like starch
or glucose. Thus the cell sap in the cells of the sporogonium stalk
of Diplophyllum albicans gets dim before the sporogonium emerges
from the perichaetium, when it emerges the oil bodies are already

* Pfeffer, Untersuchungen iiber ProteinkOrner u. s. w. Jahr. f. wiss. Bet..,
Bd. viii. p. 507.
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128 Mr J. Rattray on the Oil Bodies of Jungermanniece.

formed. The sporogonial cells now elongate, but the oil bodies do
not change in form or number, although the starch disappears entirely
at elongation. This also happens in Blepharostoma trichophylla, &c.

4. Plants of Mastigobryum trilobatum, Plagiochila asplenioides,
Fegatella conica, &c., kept in darkness for three months, were
found to have oil bodies present in their leaves that had formed in
the darkness, and previously formed oil bodies still persisted.

With reference to these positions it may be noted-
1. That if these oil bodies be formed out of glucose, they have

an indirect relation to protoplasm itself, inasmuch as glucose can
only exist where a protoplasmic basis has previously been, and
that they are accordingly ultimately protoplasmic products.

2. That their persistence in the cells of a developing sporo-
gonium stalk is to be expected, as sufficient starch which has
not undergone fatty transformation (assuming that glucose does
become converted into oil bodies) is present for purposes of growth
without drawing on the oily reserve.

3. That the great numbers and large volume of some of these
oil bodies, such as those of Radula complanata, is a priori opposed
to the idea that they represent so many excretory calculi of no
assimilative value to the plant.

4. That the early appearance of so many oil droplets in the cells,
as opposed to a late casual appearance in but a few cells, is, as has
been suggested by Professor Dickson, also opposed to the view that
they are excretory, no less than the fact that in some of the emulsi-
form oil bodies rapid movements are to be found.

5. That their occurrence in leaves formed in darkness may be
accounted for by reserve assimilative materials stored up in the cells
previous to exposure to this condition, and probably subjection to
starvation, such as impoverished soil or lack of water, would result
in proving that before death supervened these oil bodies would be
used up as reserve food supplies.

6. That the hyphen of a fungus were often observed in specimens of
Kantia trichomanis examined from the Moss House of the Botanic
Garden ; and, in close proximity to these hyph, I have noted that
some of the bluish oil bodies were found in a broken•up condition, as
if they had been partially removed by the adjoining hypha—minute
oily droplets being at the same time found in these fungoid filaments.

BIBLIOGRAPHY.—Anatomisch. Physiolog. Untersuchungen fiber
Haplomitrium Hookeri in Verhdlg. d. Leopold. Carotin. Akad., 1843,
Bd. xii. Abth. i. p. 286 if. ; Veber die Zellenbldschen der Lebermoose,
1857, p. 11 ; Die Oelkorper der Lebermoose, Flora oder allgemêine
botanische Zeitung herausgegeben von der Kônigl. Bayer. botanischen
Gesellschaft in Regensburg, 1874.
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